Seven species of grass were grown on plots to which N had been applied at progressively increasing rates (0 to 775 kg N/ha) to reach and exceed those required for maximum yields. Yield of hay and protein in all seven grasses increased with N fertilizer. Recoveries of N were only 12 to 31% when applied once, and 8 to 14% when applied every year. Because these recoveries are considered to be uneconomical, massive rates of N fertilizer are not recommended.
, Unless otherwise stated, the crops seeded were commercial grade.
In early spring of each of 3 consecutive years, single applications of ammonium nitrate (34-O-O) were broadcast on the appropriate blocks as a means of evaluating the effect of age of stand. The fertilizer was applied once with an increasing-rate spreader (Lutwick et al. 1965) along each grass plot at rates from 0 to 775 kg N/ha. Plots 1 to 28 were fertilized in 1966,29 to 56 in 1967, and 57 to 84 in 1968. As an adjunct to the experiment, plots 85 to 112 were fertilized at the same rates of N in 1967, 1968, 1969, and 1970 to allow evaluation of the effect of applying fertilizer every year. Yield measurements were taken each year from 1966 to 1970, except that some plots of TIM were not harvested in 1970 because of excessive weed growth.
All forages were harvested when CWG reached the seed-set stage. The center four rows of each 40-m strip were cut for yield beginning at 2 m and then at every 4 m along the strip. Each of these points was the center of an 80-cm length and they were located where the rates of N application were 0, 28, 76, 165, 254, 354, 465, 572, 67 1, and 744 kg N/ha. The harvested area was 80 cm x 80 cm. The forage samples were dried in a forced-draft oven at 60°C. Samples collected at 0, 165, 465, and 744 kg N/ha rates were analyzed for total N (protein) content by the Kjeldahl-Wilfarth-Gunning method (Association of Official Agricultural Chemists 1950) after grinding in a Wiley mill to pass a 1 -mm sieve.
All yield and N content .data, within species and year of harvest_, were fitted to regression curves of the formy = a + bX + cX/ where y is the estimated yield (kg/ha) or estimated N content (%) and X is the fertilizer rate (kg/ha). There were 111 equations for yield and 111 for total N content. Of these, only 21 correlation coefficients were not significant (PcO.05) and they occurred mainly in the fourth and fifth years after fertilizing. N content data are not reported but were used to calculate N uptake (yield x N content).
Comparisons were made with derived data; thus, intercepts were taken as yield without N fertilizer (NJ and the first derivative of the equation allowed calculation of the rate of N applied at maximum yield (N,). Yields and N uptake for the successive years at N, and N, in the year of application are reported. With these data, the species should show their relative and maximum capabilities for growth under the climatic conditions that occurred at the experimental site.
Meteorological data were collected about 1.5 km from the plot area. Comparatively, 1966 and 1967 were the wettest years and 1968 and 1970 were the driest, based on the moisture deficit calculated as the difference between evaporation and precipitation for May and June (Table 1) . Also, weather in 1967 was relatively cool especially in April, when high precipitation was received. 
Results

Invaders or Invaded
Since all seven species were seeded in relatively narrow, randomized, contiguous strips, neighbours could readily demonstrate aggressiveness, passivity, or resistance towards each other in terms of invasion. Only the strips seeded to RWR, CWG, SWG, and BRG remained in pure stands throughout the study. The other three species were invaded by neighbouring species or weeds. In the third or fourth year after seeding, the stands of TIM, IWG, and WWG were much reduced. RWR did not invade other species but maintained sharp boundaries.
CWG was the most aggressive invader and appeared throughout the plots of the invaded species. SWG, WWG, and BRG invaded other species along the plot edges.
At high rates of N, TIM was killed out and the plots then became especially vulnerable to invasion by weeds. The stand densities of the other species were not noticeably affected by high rates of N.
In view of these comments, only RWR, SWG, CWG, and BRG should be considered as pure species for the full course of the study. However, WWG, IWG, and TIM can be considered as pure stand s for the first 3 or 4 years after seeding. Nonetheless, data are presented for all plots according to the species in the original seeding.
Yield and Uptake without N Fertilizer
Highest unfertilized yields, accumulated over the 5 years of the study, were produced by IWG followed in order by WWG, BRG, and CWG; the other three species produced equal low yields (Fig. 1) . For all seven grasses, yields were substantially larger in the first and second crop years than in the subsequent 3 years. This difference may be attributable to relatively wet seasons in the first 2 years of cropping (Table 1) . However, IWG and WWG continued to produce highest yields in the last 3, somewhat drier, years.
Total N uptake (yield x N content), and hence total protein produced per hectare, generally followed the same pattern as yields (Fig. 1) . Thus, most protein was produced by those grasses that produced the highest yields, greatest amounts were produced in the first 2 years, and markedly lower amounts were produced in the last 3 years. CWG, although one of the high yielders, produced a small amount of protein.
Yield and N Uptake with N Fertilizer Applied Once
The amounts of fertilizer N (Nm) required to produce maximum yields (Ym) were calculated from the regression equations for each grass for each of the 3 years of application (Table 2) . Generally, the highest value of Nm occurred in the driest year (1968) and the lowest in the wettest year (1967) . Also, the difference between the highest and lowest species was greatest in the driest year and least in the wettest year. The amounts required for RWR and BRG varied the most among years; those required for CWG, TIM, and WWG varied the least among years. The values for Nm, determined for each year of application and for each grass species, were substituted into the yield and N content equations determined for the first and subsequent years. In general, highest yields were obtained in the year of application with a considerable carry-over effect in the second year and somewhat less in the third year (Fig. 2) . In most cases, the yields in 1968, when Nm was highest, were lower than the yields obtained in either 1966 or 1967 from fertilizers applied in those years. The carry-over effect of spring-applied fertilizer N was inversely related to the moisture supply in the year of application; thus, for the grasses fertilized in 1967, which had a high rainfall in April (Table l) , the second crop yields (1968) were much lower than the second year yields after fertilizer was applied in 1966 and 1968.
For each grass, the total yields over the 5 years were similar regardless of when the fertilizer was applied. Thus, age of stand of grass had no particular effect upon response to N fertilizer.
IWG produced the highest yields; CWG, WWG, and BRG produced similar intermediate yields; and RWR, SWG, and TIM produced similar lowest yields (Fig. 2) .
With the exception of two cases, RWR and SWG fertilized in 1968, the greatest uptake of N for all grasses occurred in the year the fertilizer was applied (Fig. 3) . For most of the species, the total uptake of N, or harvestable protein, was similar for the 5 years regardless of year of fertilizer application.
However, RWR produced more protein when fertilized in 1968, and CWG and WWG produced less, than when fertilized in 1966 or 1967. grasses were only slightly greater than where applied once (Figs. 4 and 2) . Uptake of N, however, was, in most cases, substantially greater (Figs. 3 and 4) . Nonetheless, the differences among species were similar with both methods of applying N fertilizer.
With the N applied every year, the effects of available moisture on yield and N uptake were readily apparent and were not confounded with possible differences in N availability. Thus, yields and N uptake were greatest in 1967 and 1969, the wet years, and least in 1970, the driest year. With these noted exceptions, IWG, RWR, WWG, and BRG produced the most protein and TIM produced the least.
Yield and N Uptake with N Fertilizer Applied Every Year
Where N, was applied every year, 1967 to 1970, yields of the In general, the first year fractional recoveries of fertilizer N decreased with age of stand (Fig. 5) . This could not be credited to increasing drought, since the recovery of N applied in 1968, a dry year, was actually only slightly less than that of 1967, a year of good rainfall in April. With two exceptions, SWG and WWG, the recoveries of 1966 were much greater than that for the other 2 years. It seems more likely that the abilities of the grasses to recover N fertilizer decreases with age of stand. However, age of stand seems to affect some grasses more than others. Thus, the difference between high recovery in 1966 and low recovery in 1968 was small for WWG (1.3%) and large for BRG (8.1%) and IWG (7.5%).
Where fertilizer was applied every year, fractional recoveries of N for each year were calculated by accumulating net yearly uptakes (UN, -UNJ and dividing by accumulated applications of fertilizer (N,, 2N,, 3N,, 4N,) (Table 3 ). This method of calculation was used because effects of residual N could not be separated from the direct effect of the application in the current year. The recoveries for all 4 years (8 to 14% in 1970) were slightly less than those of the first year (9 to 16% in 1970) ( Table 3 ) and much less than the total recoveries in 4 years after one application (18 to 3 1% for 1967 to 1970) (Fig. 5) . Whether applied once or every year, recoveries of fertilizer N by TIM and WWG were low, but differences among the other species were small (Fig. 5, Table 3 ).
Discussion
In choosing a grass species for use in the Dark Brown Soil Zone, at least two situations should be differentiated: short-term use, such as in rotation with grains, and long-term use, such as permanent hay or pasture. In short-term use, persistence of the stand or resistance to invasion by other species would not be as important as quantity of hay production and efficiency of the grass to use N fertilizer. In these respects, IWG produced the most hay and had the greatest uptake of N (protein production), especially in the first 2 years after establishment, with or without N fertilizer. In the dry years, IWG and WWG produced more hay and protein than the other five species. These would seem to be the species of choice for short-term use; in long-term use, their ability to maintain their stands may be a limitation.
For long-term use, CWG and BRG maintained pure stands and produced relatively high yields with or without N fertilizer. Protein production by BRG was much higher than that of CWG and was more easily increased with N fertilizer. RWR required N fertilizer to produce yield and protein in quantities comparable to those of BRG.
All seven species of grasses used in this study responded to N fertilizer, both in terms of increased yields and increased protein production. However, the effects of the applied N, even at the massive rates that produced maximum yields, only lasted 2 or 3 years. Slightly greater production was achieved by applying N every year, but N recoveries of only 10 to 15% are not economical.
Based on the results of this study, we would recommend against applying massive amounts of N to grass since large proportions are either lost or tied up in the biomass.
Where no fertilizer was applied, the generally larger values for yields and N uptake during the first 2 years may have been the result of cultivation of the soil before seeding. This operation would encourage the release of some N through mineralization of the soil organic matter. This, in turn, would stimulate growth and allow the grasses to take advantage of the available moisture. In the first 2 years, low moisture deficit because of high rainfall (Table 1) would also have encouraged greater growth. However, after the first 2 years, IWG and WWG took up two to five times as much N as the other five grasses. Either N was still available but five of the grasses could not use it or most of the mineralizable N was used up in the first 2 years and these two grasses supported some fixation of N (Dobereiner 1974) to satisfy their needs. This aspect of N nutrition of grasses is worth some detailed investigation.
Literature Cited
